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Objectives: To describe the management protocol in cases with massive hemorrhage after percutaneous
nephrolithotomy (PCNL) with a failed angioembolization or when angioembolization is not available.
Patients and methods: Between October 2006 and December 2012, the charts of patients who had un-
dergone PCNL and were complicated with massive post procedural bleeding unresponsive to conser-
vative management were reviewed. Those cases in whom angioembolization had failed, or was
unavailable, or could not be afforded by the patient were selected and studied. These patients underwent
open surgical exploration through a midline transperitoneal or a ﬂank retroperitoneal approach. In both
approaches, kidney mobilization outside the Gerota's fascia, temporal renal pedicle clamping and partial
nephrectomy or renorrhaphy were done in a stepwise manner.
Results: During the studyperiod,wehad8patients forwhomangioembolization had failed (n¼ 4),was not
available (n ¼ 2) or the patient could not afford it (n ¼ 2). Median patients' age was 31 years (range 16e59
years). We did a partial nephrectomy in 2 and renorrhaphy in 6 of patients with a successful outcome.
Median operative timewas 2.25 h andmedianwarm ischemia timewas 26min (range 24e42min). After a
median follow up period of 21 months, the involved renal unit, in all cases, remained functional in the
postoperative intravenous urography.
Conclusion: Massive hemorrhage after PCNL when angioembolization failed or was not feasible due to
any reason could be controlled by partial nephrectomy or renorrhaphy with the same principles as that
used for surgical exploration in patients with high grade renal trauma.
© 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
With great advancements in minimally invasive techniques
during the past two decades, the need for open stone surgery hasP.O. Box: 71344, Zand Street,
inshariﬁ).
by Elsevier Ltd. All rights reservedbeen markedly reduced. Percutaneous nephrolithotomy (PCNL) is
now the standard of care for patients with large renal stones.
Although, in general, PCNL is a lowmorbidity procedure, asmany as
one in four patients may have complications after PCNL [1,2].
Intraoperative/postoperative hemorrhage is one of the most
important complication of PCNL. While the surgeon's experience
plays a crucial role in reducing complications after PCNL, the rate of
bleeding complications is also related to the patient's age, stone
characteristics (stone burden and conﬁguration) and to the.
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method of dilatation, sites and number of accesses) [2,3]. Intrarenal
or perinephric hematomawould be a frequent ﬁnding (90e100%) if
computerized tomography was performed just after PCNL [2,4e5].
Most of these hematomas are clinically insigniﬁcant and they
resolve spontaneously. Signiﬁcant blood loss requiring blood
transfusion during or after PCNL has been reported at a rate of
11e23% [1,2,5,6]. The most severe cases of hemorrhage after PCNL
are those of intrarenal arterial origin. This complication usually
presents a few weeks after PCNL and is a result of arteriovenous
ﬁstula (AVF), intrarenal pseudoaneurysm formation, or an injured
segmental artery [2e5]. The incidence rate of this unpredictable
complication is 1e2% in centers with a high turnover. The treat-
ment of choice in this serious complication is superselective
angioembolization which is highly successful and efﬁcient in con-
trolling bleeding [2,7]. Thanks to the high success rate of
angioembolization, the rate of nephrectomy after PCNL is
extremely low (0.2%) in contemporary series [2,3]. Despite this ef-
ﬁcacy, little is known about the management protocol in cases with
failed angioembolization. Moreover, in some settings, such as a
patient in poor condition (i.e. hemodynamic instability), unavail-
ability of angiography setting or the problems with the cost of this
procedure, the patient must undergo emergency laparotomy for
control of bleeding. In the current study, we present our experience
in the emergency management of severe hemorrhage in these
settings.2. Patients and methods
2.1. Patients
Our institutional review board approved this study. Between
October 2006 and December 2012, the charts of patients who had
undergone PCNL and were complicated with massive post proce-
dural bleeding unresponsive to conservative management were
reviewed. By matching of our PCNL database with our renal
angioembolization records and with partial nephrectomy/renor-
rhaphy database, we selected and studied those cases in whom
angioembolization had failed, or was unavailable, or could not be
afforded by the patient. These patients underwent renal explora-
tion for control of bleeding. The beneﬁts and risks of such an
approach, including the possibility of nephrectomy, were explained
prior to the operation.Fig. 1. A) The site of access in the mid part of the kidney was found and the necrotic and inﬂa
sutured with chromic 2e0 running sutures to be prepared for renorrhaphy. B) Six month-2.2. Surgical technique
The patients were placed in supine or lateral decubitus position,
supported by adequate padding. A midline transperitoneal
approach or ﬂank retroperitoneal approach (in patients with
massive abdominal pannus; n ¼ 2) was used for the operation. In
both approaches, the colon (and duodenum on the right side) was
medialized to expose the renal pedicle, aorta (on the left side) and
inferior vena cava (on the right side). The renal pedicle was
meticulously dissected.
Care was taken to keep the Gerota's fascia intact. The kidney
was mobilized outside the Gerota's fascia. Then, the renal pedicle
was temporarily clamped with a Satinsky clamp. Thirty minutes
before renal pedicle clamping, 12.5 g of mannitol was infused
and was repeated after release of the clamp. After controlling the
renal pedicle, the Gerota's fascia was incised, the perinephric
hematoma was drained and the kidney was completely mobi-
lized within the Gerota's fascia. The site of access was found and
the necrotic and inﬂamed renal tissue was debrided. If the access
site was in the lower or upper pole, a polar partial nephrectomy
was considered; otherwise the site of access was circum-
ferentially sutured with chromic 2e0 running sutures (Fig. 1). In
both cases the renorrhaphy was done with frequent running
chromic 2e0 or 0 sutures on 37 mm needles. After the renal
pedicle was released, the renal perfusion was observed and the
site of repair was evaluated for any hemorrhage. Then the ureter
was opened and a 6 Fr feeding tube was passed to the kidney to
check the presence of any signiﬁcant intrarenal hemorrhage.
After ﬁxing a ureteric stent, an 18 Fr catheter was put in the
retroperitoneum as external drainage and the wound was closed
in layers. During recovery phase, the patients had complete bed
rest for 48 h and were closely monitored for any recurrence of
bleeding.2.2.1. Study outcomes
The demographic characteristics of all patients were recorded.
Intraoperative data such as operative time, intraoperative difﬁ-
culties and complications were also noted. To evaluate blood loss
after PCNL and after open surgical exploration, preoperative and
postoperative hemoglobin(Hb) levels were compared. The amount
of blood transfusion that each patient was received and major
perioperative complications (higher than grade 1 according to
Clavien classiﬁcation [8]) were recorded.med renal tissue was debrided (Encircled zone). The site of access was circumferentially
postoperative IVU of the same patient showed completely functional left kidney.
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During the study period, 21 out of 4156 cases of PCNL under-
went angioembolization due to post procedural massive hemor-
rhage. During the same period, we had 8 patients for whom
angioembolization had failed (n ¼ 4), was not available (n ¼ 2) or
the patient could not afford it (n¼ 2). We urgently operated 2 cases
due to massive bleeding with associated hemodynamic instability.
Initial angiographic ﬁnding in those who had a failed angioembo-
lization was pseudoaneurysm (Fig. 2).
Median patients' age was 31 years (16e59) with median stone
size of 27.5 mm. All patients had one access during their PCNL
which was in the lower pole in 7 (87%) of them. Table 1 summarizes
the patients' proﬁles and characteristics. On average, the patients
received 2.6 units of packed cells after their PCNL. Median hemo-
globin (Hb) decrease after PCNL and after open kidney exploration
were 4.4 and 1.1 g/dL, respectively. Massive bleeding occurred 2e7
days after PCNL. We did partial nephrectomy in 2 and renorrhaphy
in 6 of the patients with a successful outcome. No patients needed
any additional procedures to control hemorrhage. Median opera-
tive time was 2.25 h and median warm ischemia time was 26 min
(range 24e42 min). Creatinine levels remained stable in the peri-
operative period in all patients. No major perioperative complica-
tions were observed in this series. After a median follow-up period
of 21 months, the involved renal unit, in all cases, was found to be
functional in the postoperative intravenous urography.
4. Discussion
Hemorrhage is one of the most common complications of PCNL.
Conservative management and blood transfusion are sufﬁcient to
control most bleeding complications. Signiﬁcant arterial bleeding
after PCNL is uncommon but is a challenging problem. Richstone
et al. showed that 57 of their 4695 patients (1.2%) who had
percutaneous renal surgery had complications with massive hem-
orrhage requiring angioembolization. This procedure was quite
successful in controlling the bleeding in 95% of cases. They foundPostprocedural massive he
N=25
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Fig. 2. Massive hemorrhage after percutaneousthat in these circumstances, the most common pathology is arterial
pseudoaneurysm (about 50%) followed by AVF (25%) and isolated
arterial injury (25%). They also revealed that as many as 17.5% of
these patients may have more than one angiographic ﬁnding on
their initial assessment [7]. Alternative procedures such as endo-
vascular placement of a covered stent to occlude the site of arterial
injury without jeopardizing the patency of the feeding artery or
percutaneous injection of thrombin into the pseudoaneurysm un-
der guide of ultrasonography have been reported anecdotally.
However, these techniques have not yet been standardized and
needs speciﬁc experience and equipments [9,10].
The cause of pseudoaneurysm or AVF is the free drainage of the
injured segmental artery into the renal parenchyma in the former
or into an adjacent segmental renal vein in the latter. The pathology
may occur during puncture, dilation or nephroscopy phase and its
location is at the site of the parenchymal access. Intrarenal arterial
injury may also occur with almost the same frequency in other
procedures that invade the renal parenchyma such as partial ne-
phrectomy or nephrolithotomy [11,12]. After analyzing 3878 PCNL
procedures, El-nahas et al., found that beside the surgeon's expe-
rience, patients with solitary kidney or staghorn stones are at risk of
massive hemorrhage after PCNL which needs angioembolization.
Number of accesses and upper pole access also increase the odds of
angioembolization [13]. In another study, the same group also
indicated that the size of the infarcted area becomes signiﬁcantly
reduced after a long-term follow-up [14]. Using the National
Trauma Data Bank, Hotaling et al analyzed the outcome of angi-
ography and angioembolization for acute management of patients
with high graderenal trauma. They found that the success rate of
initial angiography was low and 88.3% of these patients required at
least one secondary intervention including open surgery in 22% of
them [15]. In their series, only 0.5% of blunt kidney injuries un-
derwent repair and open surgery following blunt injuries almost
exclusively led to nephrectomy. Therefore, the outcome of
angioembolization is entirely different between patients with renal
trauma and those with massive bleeding after PCNL (i.e. a












Patients' demographics and surgical details.
Age
(years)
Sex Stone size (mm)/
location









1 30 Male 20 mm/lower pole Lower pole 14/8.5 Right partial nephrectomy 2.5 35 Calcium oxalate
2 55 Female 35 mm/renal pelvis Lower pole 12/9.5 Right renorrhaphy 3 25 Calcium oxalate þ uric acid
3 59 Male 20 mm/lower pole Lower pole 17.7/8 Left renorrhaphy 2.5 31 Calcium oxalate
4 23 Female 40 mm/staghorn Lower pole 11.5/9 Right renorrhaphy 3 42 Magnesium ammonium
phosphate
5 16 Male 50 mm/staghorn Lower pole 15.7/10.9 Left renorrhaphy 2 25 NA
6 45 Male 20 mm/lower pole Lower pole 12/7 Left partial nephrectomy 2 25 Calcium oxalate
7 32 Female 45 mm/mid pole Mid pole 12/8 Left renorrhaphy 2 27 NA
8 30 Male 20 mm/lower pole Lower pole 14/10 Left renorrhaphy 2 24 Calcium oxalate
a PCNL: Percutaneous nephrolithotomy.
b Hb: Hemoglobin, NA: Not available.
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to 5% of cases, this procedure may fail to stop bleeding [7]. During
selective angioembolization, there is always a risk of arterial
dissection or perforation, migration of the embolization material
and “nontarget” embolization [5,16]. Moreover, in certain situa-
tions, the facility of angioembolization is not available, or the pa-
tient's poor condition (hemodynamic instability) precludes any
delay. The cost of angioembolization may also be considered as a
limitation in some centers.
In the present series, we described in detail the procedure of
renal exploration in these challenging cases. As shown, we used the
same approach in these patients as that used for surgical cases of
high grade renal trauma. We found extensive perinephric hema-
toma conﬁned to the Gerota's fascia in these patients. To reduce the
risk of nephrectomy, we carefully dissected the renal pedicle and
abdominal great vessels. Then, only after controlling the renal
pedicle, was the Gerota's fascia opened. This approach helped the
surgeon to remove the injured pole (partial nephrectomy) or repair
the site of access in bloodless ﬁelds andwas quite effective in saving
the kidney. The main concern during this approach was the inevi-
table warm ischemia that was imposed on the kidney. In our
experience, the warm ischemia ranged between 24 and 42 min.
Although it seems rather prolonged compared with what might be
expected during partial nephrectomy in the setting of cancer in
stable patients [17], we believe that this range of warm ischemia
time counterbalances the possibility of nephrectomy. We showed
that in the long-term follow-up intravenous urography, the
involved renal unit remained functional. Nevertheless, determining
the split renal function using a radionuclide scan would be a better
modality to evaluate the functional loss of these renal units. Despite
the fact that renal preservation is a general trend in the setting of
trauma, population based studies showed that nephrectomy is still
themost common renal surgery in high grade renal injuries [15,18].
Recently, McClung et al evaluated the contemporary trends in
surgical management of renal injuries. Using National Trauma
Database, they found that 1183 out of a total of 9002 (13.1%) cases of
renal injuries were operated. Most of them had grade IV or V renal
injuries and overall nephrectomy rates were 54% and 83% for
penetrating and blunt injuries, respectively. They indicated that in
addition to the severity of the renalinjury, concomitant other
intraabdominal visceral injuries were an independent predictor of
nephrectomy [18]. Our ﬁndings, however, conﬁrm that it is
worthwhile tomake every effort to save the post-PCNL traumatized
kidneys, especially in patients suffering from urolithiasis. Although
our patients had a high grade kidney injury, the mechanism and
nature of their injury, and in turn the chance for salvaging the
kidney, seems completely different in comparisonwith classic high
grade renal trauma. As shown, our 8 complicated cases are het-
erogeneous series with variable stone sizes and conﬁgurations. Weshowed that even in “simple” cases, the surgeon may encounter
such difﬁcult circumstances.
As described, two of our patients were deprived of standard of
care (i.e. angioembolization) due to procedural costs. We think that
from ethical standpoint this would not be acceptable and our insti-
tution should takemeasures to support these exceptional situations.
These patients are deﬁnitely critical patients but fortunately in
centers with adequate experience in PCNL and angioembolization,
such critical circumstances occurs rarely. We admit that our sample
size is too small to know towhat extent the outcome of exploration
are successful; perhaps a multicenter study may provide more
precise conclusions.
5. Conclusion
Massive hemorrhage after PCNL when angioembolization failed
or was not feasible for any reason could be controlled by partial
nephrectomy or renorrhaphy. The principles of such surgery are the
same as laparotomy for kidney repair in patients with high grade
renal trauma. Due to renal pedicle control during such surgery, the
operation could be done in a bloodless ﬁeld. This procedure is quite
effective in both controlling the hemorrhage and saving the kidney.
However, it is a demanding procedure and needs adequate surgical
experience in the setting of renal trauma.
Ethical approval




Alireza Aminshariﬁ: Study design, writing.
Darush Irani: Study design.
Ali Eslahi: Data collection.
Conﬂict of interest
The authors have no conﬂicts of interest or ﬁnancial ties to
disclose.
Acknowledgments
This work was supported by Shiraz University of Medical Sci-
ences. We thank PWaltl (Author AID in the Eastern Mediterranean)
for improving the use of English in the manuscript.
A. Aminshariﬁ et al. / International Journal of Surgery 12 (2014) 872e876876References
[1] M. Desai, A. De Lisa, B. Turna, J. Rioja, H. Walfridsson, A. D'Addessi, et al., The
clinical research ofﬁce of the endourological society percutaneous neph-
rolithotomy global study: staghorn versus nonstaghorn stones, J. Endourol. 25
(2011) 1263e1268.
[2] J.S. Wolf, Percutaneous approaches to the upper urinary tract collecting sys-
tem, in: A.J. Wein, L.R. Kavoussi (Eds.), Campbell-Walsh Urology, tenth ed.,
Saunders Elsevier, Philadelphia, 2012, pp. 1324e1356.
[3] S.R. Keoghane, R.J. Cetti, A.E. Rogers, B.H. Walmsley, Blood transfusion, em-
bolisation and nephrectomy after percutaneous nephrolithotomy (PCNL), BJU
Int. 111 (2013) 628e632.
[4] M.F. Massulo-Aguiar, C.M. Campos, N. Rodrigues-Netto Jr., Intrarenal pseu-
doaneurysm after percutaneous nephrolithotomy. Angiotomographic assess-
ment and endovascular management, Int. Braz J. Urol. 32 (2006) 440e442.
[5] A.R. Rastinehad, S. Andonian, A.D. Smith, D.N. Siegel, Management of hem-
orrhagic complications associated with percutaneous nephrolithotomy,
J. Endourol. 23 (2009) 1763e1767.
[6] M.L. Stoller, J.S. Wolf Jr., M.A. St Lezin, Estimated blood loss and transfusion
rates associated with percutaneous nephrolithotomy, J. Urol. 152 (1994)
1977e1981.
[7] L. Richstone, E. Reggio, M.C. Ost, C. Seideman, L.K. Fossett, Z. Okeke, et al., First
prize (tie): hemorrhage following percutaneous renal surgery: characteriza-
tion of angiographic ﬁndings, J. Endourol. 22 (2008) 1129e1135.
[8] P.A. Clavien, J. Barkun, M.L. de Oliveira, J.N. Vauthey, D. Dindo, R.D. Schulick,
E. de Santiba~nes, J. Pekolj, K. Slankamenac, C. Bassi, R. Graf, R. Vonlanthen,
R. Padbury, J.L. Cameron, M. Makuuchi, The Clavien-Dindo classiﬁcation of
surgical complications: ﬁve-year experience, Ann. Surg. 250 (2009) 187e196.
[9] L.R. Sprouse 2nd, I.N. Hamilton Jr., The endovascular treatment of a renal
arteriovenous ﬁstula: placement of a covered stent, J. Vasc. Surg. 36 (2002)
1066e1068.[10] O. Benjaminov, M. Atri, Percutaneous thrombin injection for treatment of an
intrarenal pseudoaneurysm, Am. J. Roentgenol. 178 (2002) 364e366.
[11] K. Sacha, W. Szewczyk, K. Bar, Massive haemorrhage presenting as a
complication after percutaneous nephrolithotomy (PCNL), Int. Urol. Nephrol.
28 (1996) 315e318.
[12] S. Montag, S. Rais-Bahrami, C.A. Seideman, A.R. Rastinehad, M.A. Vira,
L.R. Kavoussi, et al., Delayed haemorrhage after laparoscopic partial ne-
phrectomy: frequency and angiographic ﬁndings, BJU Int. 107 (2011)
1460e1466.
[13] A.R. El-Nahas, A.A. Shokeir, A.M. El-Assmy, T. Mohsen, A.M. Shoma, I. Eraky, et
al., Post-percutaneous nephrolithotomy extensive hemorrhage: a study of risk
factors, J. Urol. 177 (2007) 576e579.
[14] A.R. el-Nahas, A.A. Shokeir, T. Mohsen, H. Gad, A.M. el-Assmy, T. el-Diasty, et
al., Functional and morphological effects of postpercutaneous neph-
rolithotomy superselective renal angiographic embolization, Urology 71
(2008) 408e412.
[15] J.M. Hotaling, M.D. Sorensen, T.G. Smith 3rd, F.P. Rivara, H. Wessells,
B.B. Voelzke, Analysis of diagnostic angiography and angioembolization in the
acute management of renal trauma using a national data set, J. Urol. 185
(2011) 1316e1320.
[16] K. Inci, B. Cil, S. Yazici, B. Peynircioglu, B. Tan, A. Sahin, et al., Renal artery
pseudoaneurysm: complication of minimally invasive kidney surgery,
J. Endourol. 24 (2010) 149e154.
[17] M.S. Eisenberg, R. Brandina, I.S. Gill, Current status of laparoscopic partial
nephrectomy, Curr. Opin. Urol. 20 (2010) 365e370.
[18] C.D. McClung, J.M. Hotaling, J. Wang, H. Wessells, B.B. Voelzke, Contemporary
trends in the immediate surgical management of renal trauma using a na-
tional database, J. Trauma Acute Care Surg. 75 (2013) 602e606.
